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BiTaanHe ¢cJ10BO

[IlaHOBHI yYacHHKH Ta MPHCYTHI mepmroi Mi>KHapoIHOI HayKOBO-TPAKTUYHOI KOH(pepeHuii
"Hagirauis Ta KepyBaHHS CyJJHOM: HOBI I1IXO/1, HABUYAHHS Ta MOZJETIOBAHHS",

Bin imeni Aaminictpanii CyqHoruiaBcTBa YKpaiHH Maro 3a 4ecTh MPUBITATH Bac HA IbOMY
iH(pOpPMAaTHBHOMY 3aX0/i, IO TIOEIHYE TAJIAHT, JOCBIJ] Ta IHHOBAIIi y rayTy3i HaBiraiii Ta KepyBaHHS
CYJTHOM.

He3Baxaroun Ha CKJIagHi 4Yacw, MOCTiHI OOCTpiIM, BIIKIIOUEHHS EJIEKTPOCHEeprii Ta
noBHOMAcImTaOHy arpecito 3i ctoponu Pociiicbkoi Dexneparii, MM MaeMO YHIKQJIbHY MOKJIHMBICTBH
MIPOBECTH 1110 KOH(EPEHITi0 3aBISKH MYXHOCTI Ta CAMOBIITAHOCTI HAIIIMX 3aXMCHUKIB 1 3aXUCHHIIb.
CnaBa Ykpaini!

s xoHdepeHiiss cTBOpeHa isi OOMIHY 3HAaHHSMHM, CIIIBIpAIli Ta CHUIBHOTO BHUBYEHHS
HOBITHIX TEXHOJIOT1H Ta METO/IIB y raiy3l HaBirauii Ta KepyBaHHS CYTHOM.

Bami nocnimpkeHHs, 10MoBial Ta 0OMIH 11eIMU € BaXXJIMBUM KPOKOM Y HalpsIMKy CTBOPEHHS
O11b1I O6€31MeYHOro, €(PeKTUBHOIO Ta CTIMKOTO Cy/IHOIUIABCTBA.

CnonaiBarocs, o 1 KOH(GEpEeHIlisl CTaHe TPAJAUIIIITHIM MTOYaTKOM YOTOCh OUIBIIOTO 1 10 MU
3MOKEMO PETYJISIPHO 30UpaTUCs 3HOBY B MaliOyTHROMY, 1100 OOMIHIOBATHUCS CBOIMHU JOCSTHEHHSIMH,
CITIBIPAITIOBATH Ta PO3BUBATH MOPCHKY Tally3b Pa30M.

Baxxaro BCiM KOHCTPYKTUBHUX JAUCKYCii, KOPUCHUX 3yCTpiueii Ta HATXHEHHS JUTSI ITOIATBIITIX
JOCSTHEHB. J[SKyI0 3a Bally ydacTh Ta 3a NMParHeHHs PO3BHBATHCS CAMHM Ta PO3BUBATH MOPCHKY
ramy3b. Hexail koxeH 3 Bac B pe3yJibTaTi OTPUMAE HE JIMIINE HOBI 3HAHHSI, a ¥ MOTHBAIIIIO IS
MaiOyTHIX 3BEPILEHb.

JlaKyto 3a yBary.

IMaaienko B.B.

rosioBa JIKK mopsikiB [lep>kaBHoi ciry:x0u
MOPCBHKOTO 1 BHYTPIIITHHOTO BOJHOT'O TPAHCIIOPTY
Ta cyaHoriaBcTBa Ykpainu, KT



22 KepyBaHHsi cyqHOM Ta MOAENoBaHHS NPOLECIB ynpaBriHHA CyaHOM

KEPYBAHHA CYJHOM TA MOJAEJIOBAHHA
HPOLECIB YIIPABJIIHHA CYJTHOM

OPTIMIZATION OF THE AUTOPILOT SYSTEM SETTINGS
FOR AN UNMANNED SURFACE VESSEL USING MATHEMATICAL
MODELING METHODS

Hanna Hrudinina, Andrii Burunin

Admiral Makarov National University of Shipbuilding,
(Ukraine)

Introduction. The development of intelligent control systems for robotic devices, including
surface vessels (high-speed boats), has contributed to the increase in the number of unmanned,
autonomously controlled vehicles. In the case of small, high-speed vessels, significant advancements
have been made in orientation, navigation, and motion control systems. Modern automatic control
systems (ACS) typically consist of multiple controllers, varying in structure and functional purpose
[1]. To optimize the performance of the developed ACS, the use of mathematical modeling with
various external impact scenarios is highly relevant.

Topicality. A currently unresolved and highly relevant issue is the optimization of the
autopilot system for unmanned vessels under uncertain wind and wave impact conditions. The
objective of this work is to improve the method for evaluating the performance of the automatic
control system for unmanned high-speed vessels under external environmental conditions.

The results of the study highlight the relevance of solving the task of tuning controller
parameters under conditions of uncertainty regarding external influences. The proposed approach will
allow optimizing the operation of controllers in terms of the number of helm adjustments and control
accuracy by dividing their operation into modes depending on external conditions. A multi-level
automatic control system, depending on external conditions, will select the appropriate operating
mode of the controller, which will help optimize overall energy consumption.

Problem statement. Evaluate the performance of the autopilot system in maintaining a set
course for a small high-speed vessel under external environmental conditions.

Research results. To achieve this, the steering control will sequentially employ a PID
controller (Fig. 1), a PD controller, and a fuzzy logic controller. The vessel's dynamics under external
conditions will be simulated using the Cotmacs-AP-Lab software suite [2]. To process the simulation
results, a custom application for qualitative controller performance evaluation will be developed in
the Matlab programming environment.

The simulation utilized a model of a small high-speed vessel ("High Speed Boat 1") with the
parameters:

Type High-speed small vessel
Displacement, tons 14.5

Engine power, kW 2x800

Speed (service speed), knots 37

Length, m 15

Breadth, m 3.7

Draft forward, m 0.45

Draft aft, m 0.7

Two waterjet +
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The following initial conditions were selected as external disturbances: wind speed — 2 m/s;
wind direction — 0°; wave height — 1 m; wave direction — 45°.

The vessel's motion was simulated with heading acquisition and course-keeping: vessel speed
— 17 knots (10 m/s); course — 10°. For dynamic positioning during the simulation, models of
navigation sensors: log, angular velocity sensor, and feedback. The PID controller settings: Ki = 1073,
Kap =2, Ky = 2.

Upon completion of the simulation, the program generates a database in the form of vector
dependencies of selected motion parameters, such as: speed, course, angular velocity, actual rudder
deflection, and desired rudder deflection (control signal from the regulator). This format of result
representation is highly convenient for further analysis of the autopilot tuning quality.

An application developed in Matlab processes
B~ the obtained data and provides a quantitative
s assessment of the autopilot tuning, specifically: the
duration of the transient process in seconds, the
number of rudder adjustments before reaching the set
course, the number of rudder adjustments per minute
while maintaining the set course, the expected value
of the course, and the variance. This information is
presented to the developer as a text report and graphs
and can be stored for future comparison.

Simulation of the motion of the small high-
speed vessel "High Speed Boat 1" using the following
steering control regulators (Fig. 2): PID controller
with settings: Ki = 1073, Kg, = 2, Ko, = 2; PD controller
with settings: Ki= 0, K4, = 2, K,, = 2; and a fuzzy logic
controller.

Autopilot Demo - High Speed Boat 1, ballast

uuuuu

Desired

Autopilot On

Figure 1 — Parameters and block diagram
of the PID controller
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Figure 2 — Course and rudder deflection of the PID controller for "High Speed Boat 1"

The quantitative assessment of the performance of the controllers for the vessel "High Speed
Boat 1" is presented in Table 1.

Table 1 — Quality indicators of controller performance

Controller Transient | Number of rudder | Adjustments Expected Variance,
type process adjustments in during course | value, degrees degrees
time, s. transient process, | keeping, units (course) (course)
units (per 1 min.)
«High speed boat 1»

PID 35 27 18 8.809 0.231

PD 30 33 25 7.45 0.140

Fuzzy 30 90 191 10.2 0.199
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The analysis of the simulation results showed that, under the given external conditions, the
applied controllers require further fine-tuning. To reduce the transient process time and improve
control accuracy, we will increase the integral and proportional gains of the PID controller [3].
Additionally, we will adjust the control rules of the fuzzy logic controller [4]. The adjusted PID
controller settings: Ki = 0.08, K4, = 2, K, = 20. The results of the simulation for the controller adjusted
to external conditions are presented in Figure 3.
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Figure 3 — Course and rudder deflection of the adjusted PID controller for "High Speed Boat 1"
Quality indicators are detailed in Table 2.
Table 2 — Quality indicators of adjusted controller performance

Controller Transient | Number of rudder Adjustments Expected Variance,
type process adjustments in during course value, degrees | degrees
time, s. transient process, keeping, units (course) (course)
units (per 1 min.)
«High speed boat 1» \
PID 30 29 16 9.79 0.217
PD 40 94 48 8.6 0.165
Fuzzy 20 8 84 9.72 0.125

From Table 2, it is evident that the tuning quality of the PID controller has improved by 11%
in terms of the number of rudder adjustments for course keeping, and by 21% in terms of control
accuracy. Thus, we can determine the optimal controller tuning parameters for various external
influence conditions. This approach will allow the optimization of controller operation based on the
number of rudder adjustments and control accuracy by dividing their operation into modes depending
on external influences. A multi-level automatic control system, depending on external conditions, will
select the necessary operating mode of the controller, which will help optimize energy consumption
overall.

Conclusions. The results of the developed application using Matlab programming tools are
presented, which processes data from the autopilot and provides a quantitative evaluation of its
settings. A method for optimizing the operation of an automatic control system for an unmanned
vessel, consisting of several controllers, is proposed by applying personalized controller settings
according to the selected operating mode.
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KEPYBAHHSA OBEPTAHHSAM CYJIHA HABKOJIO ITOJIIOCY ITIOBOPOTY

Cepcini 3inuenko, Onez Toecmokopuit, Baoum Mameituyk

Xepconcbka 0epacasHa MopcyKka akaoemis,
(Vkpaina)

Beryn. 3a ocranHi 20 pokiB KUIBKICTh Ta rabapUTH CyJI€H CYTTEBO 3pOCIH, Y TOH yac sK
po3Mipu TOPTIB 3pociau 3HayHO MeHmie. [li oOcrtaBuHM TOTPeOyHOTh OMTUMI3AIlT MPOIIECIB
KEpyBaHHs, 3 METOIO 3MEHIIICHHS [TPOCTOPY ISl MaHeBpyBaHHs [1-2]. OmHUM i3 NUISIXIB ONTUMI3AIlT
€ BUKOPHUCTAHHS KOHIIEMIIIT MOJIFOCY MOBOPOTY [3] — abTepHaTHBHOrO OaveHHS MPOIECY MOBOPOTY
cynna. [Ipocte BiqXuieHHS CTEpHA MPU3BOIUTH JIO TIOSIBA OJHOYACHO 00EPTAIHHOTO PYXY HAaBKOJIO
LEHTPY 0O0epTaHHs 1 O0KOBOTO pyxy cyaHa. /[ CyqHOBOIIS 111 1BA PYXHU BUTIISIIAIOTH SIK OJTHE YUCTE
o0epTaHHs HAaBKOJIO ySIBHOI TOYKH, SIKa HE 3aBXIU CHIBIAJA€ 3 HEHTPOM OOEpTaHHS 1 Ha3UBAETHCA
MIOJIFOCOM TOBOPOTY. BHKOpuCTaHHS MOJIOCY MOBOPOTY AJIsi 3MEHILEHHS 00JacTI MaHEBpPYBaHHS
paHime JOoCHiKyBaiocs OaraTbMa aBTOpaMu. B OCHOBHOMY, IIi JOCHTIDKEHHS 3BOJWIHCS 10
BU3HAUEHHS I[IOJIOKEHHS TOJNIOCY IOBOPOTY Ta HaJaHHS pPEKOMEHJAIlil CyIHOBOIISM MIOJI0
BpaxyBaHHs IbOTO TMOJIOKEHHS MPU PyYHOMY MaHeBpyBaHHI. HemomkoM Takux miaXomdiB € Te, 110
BOHHM HE TependadaroTh PO3PAaXyHOK KEpyBaHb, HEOOXITHUX [UIS peaiizaimii oOepTaHHs CyJaHa
HABKOJIO 33JJaHOT0 MOJI0XKEHHS MoJtocy noBopoTy. KepyBanHs GopMyIOThCSl CyJHOBOIIEM BPYUYHY Ha
OCHOBI HaJaHWX pEeKOMEH[alii. Y momnepeanix podorax aBTopis, Hampukiaa, [10-12], po3pobieni
METOIM aBTOMATH3allli MPOIECiB 0OEPTaHHS CyIHA HABKOJIO TOJIFOCY TTOBOPOTY. TaKoX poO3TIsHYTI
MUTAaHHS aBTOMATH3allii JIOMOMDKHUX IPOIECIB: PO3XODKEHHS cyaeH [4], onTumaibHOro
mBaptyBanas [5], imentudikarii mapamerpiB [6-7], TecTyBaHHS aBTOMAaTW4YHHX MOAymiB [8],
CKOPOYCHHS Yacy iHTErpyBaHHS MaTeMaTHYHOI Mojelli B 6opToBoMy obumcroBadi [9] Ta iHmii.

AKTYaJIbHICTh JOCTIIZKeHb. Y JaHid poOOTI pO3TISHYTI TWUTAaHHS aBTOMAaTUYHOTO
(dbopMyBaHHSI KepyBaHb Ul peaizallii o0epTaHHS CyJHa HABKOJIO 33/IaHOTO IMOJOXKEHHS MOJIIOCY
nmoBopoty. Po3paxoBaHi KepyBaHHS MOXYTh HaJaaBaTHUCS CYIHOBOIIEBI Y BUIUISAAI MiJKa3Ku, abo
BUKOPUCTOBYBATUCSI 0O€3MOCEPEIHRO CHUCTEMOIO0 KEpyBaHHS, IO JO3BOJIUTH 3MEHIIWTH BIUIMB
JIOJICBKOTO YMHHUKA Ha TPOLECH KEePYBaHHs, 3MEHIIUTH 3aTPUMKHU Ha (OpPMYBaHHsS KepyBaHb,
3MEHIIUTH O0JIACTh MaHEBPYBaHHS Ta B LLUIOMY HiABUILUTH O€3MEKy CyIHOIIaBCTBA. Tomy,
pO3poOKa TAKMX METOJIIB € aKTyalIbHOI HAYKOBO — TEXHIUHOIO 3a]]auelo.

IMocranoBka 3agaui. /{151 cxemu cynHa, HaBesleHOi Ha puc. 1, po3pobutu metoa hopMyBaHHS
KepyBaHb OOEpPTaHHAM HABKOJO 33JaHOTO IOJIOKEHHS IIOJIIOCY MOBOPOTY 0€3 MO03A0BKHBOI
LIBUJIKOCTI Ta JOCIIIATH IX.

Ha cxemi 300paxeno: uentp obepranns RC, nosmtoc nmosoporty P.P., kopmoBuii migpyorounii
npuctpiii BTi, HOcoBuii mimpymrorounii mpuctpiii BT2, Biaxwienus tenerpady & KOPMOBOTO

HiIPyIFOF0YOro IPUCTPOIO, BiIXUIICHHS Tenerpady 09 HOCOBOTO MiIPyIFOKYOro MPUCTPOr, OOKOBA

cuna Fy (61) KOPMOBOTO IiIPYJII0I040r0 MPUCTPOko, Gokosa cuna Fy (62) HOCOBOTO M1JIPYJIFOI0YOr0

IPHUCTPOIO, TOBKHKHA cyaHa L, Bigcrans R Bij momrocy moBopoty 1o meHTpy obepranusi, mieue |

cum Fy (61) 710 1IeHTpY 0bepTanHs, wieue |y cumm Fy (62) 710 LIEHTPY OOepTaHHS.
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